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Abstract of JP2000228656 

PROBLEM TO BE SOLVED: To provide an 
AFC circuit capable of performing the 
frequency error correction of a wider range 
including one sub-carrier interval or more. 
SOLUTION: In the OFDM(orthogonal 
frequency division multiplex) signals of a 
carrier number 2m for which a known pilot 
signal is superimposed on the 2n-th carrier, 
repetitive signals obtained by equally dividing 
the pilot signals of one effective symbol period 
into 2n are held on a receiver side as the data 
of basic pilot signals, a complex correlation 
value with reception signals is calculated and 
the correlation peak value of the complex 
number of 2n times in one effective symbol 
period is obtained. By dividing the phase 
component of the correlation peak value by a 
basic pilot signal period, a frequency error is 
obtained. For the error, the phase change of 
the basic pilot signal period becomes 2n times 
of the sub-carrier interval or less. Then, by 
correcting the carrier wave frequency of the 
receiver based on the detected error, the 
frequency error of one sub-carrier interval or 
more is detected. 
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HMO ^^ d rt!iTt2 m ^OFDM (E^i^ffi 

*^fntt (^TOFDMfit) 
ft u ^oe^^f^-^^^ii^f^-tc^ife-r^^^ 

/fit* fr^&m K t , w 0> IhISS ttfc x * ^ I 3 

Mf-§-t-i *9essawiurigiR?g^-<— kof 

DM«#lcSE*"*-5KS£a[PleIKi:. r oialBStfftbn 

SWi:lE^j6SS:tt5/Mny MB <Z>tBBB« ^* 
huISjE ^ w /u * 7 -f * ffl * (-ov^ X tr— ^ 

FDMjf^i^*3tt5#«Bf^^^^Pi^^t:^:i 3t e 

F DM{f ^tc^tt5#^«^ + ^Jis^ s ^^b-fr-f # 

* /HS-»*|jE#ik fc fe 5Ifci:ftatt5AFC 
Mf-*§0 ^ffl^/c d rtyTt2 m (7)OFDM (B3£«« 
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#i£<7)3Em«# (WTO F DM^Htt") 

/Mf-SH-£ fJKSflKllbTllKJBao^-^^y KOF 

/0 fcltfR fl^CO^— * a< ^ KOFDMff #d>e>#lBi3|jftW 
x — ^It-i-SrteWi" £ O F DMfflWlslte^ 3rfltx.fcO F 

y^^^ojy^o««*«ll*r*Wb, r^Ji&Si&M 
^/Sc-c striae p y^«#*iRiHiB<o3s«««»*iB]E 

5 AF C[hIS§o 

[»*3g3] ^r-r y r#^-2 n #gco^-r y r^lE*^ 

hif-^) ^r^v>y-c^--r y TSc2 m coOFDM (iESJUfe 
m^#J#fi) *^O^W«-^ (WTOFDMff^) 

^ —r-m^t, r<oiHiK-e#btufcr^-i3^tfiB«jft« 
p y^w-s-assiHiis^afestbSf-^y 

mmmt^ p — #«siaiB"e*^ ^^n-^ 

Ma^ick DE^IItTliIS^-^/<y KOF 

X - ^ « * S: II & O F D Mil [Hi SS « *. O F 
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if # *: tii * -r z> n y 4 tv ? t & m x o ^ n, ? ^ t , 

[0 0 0 1 ] 

[«w*>JBi-aa«5MH ^^n. ofdm (bx» 
[0002] 

>^y v^H»e«i6«:*|jEi-aAFCigB35SR:tbix 
T^6 0 w<^AFCIsIKwS*6«)<c»ric«rIll5{^-t- 0 
[0003] g)5^^ov^T, Ti/T-r 1 1 ^iicr^^L 50 
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-tl 2tS8»Sft5*ltOFDMfi-?-,'i, A/Df 
3 MA* $ ft, ^p^««5SSBl4t8 
tSMfy/yy^py^ («2S»f s) icj;^ 
^ * /MB ^ \z S ft 5 0 ::t*f^M^ix/:OF 
DMffl*!iiESf«HlElKi SlcA^^ti, p— #Mf-^ 

t«wj:o-cie*aiasix, k 

OFDM«^£fcoTOFDM«S»[El&l 7tCi£bft 
5 0 ^(7)OFDMtgra®8Sl 7,'± % A^]$tl/:OFDM 

[0 0 0 4] ±!2iES5aW!HlK 1 5 offlAiiJ^S 

»lilS*WlHlKl 8CLi£bft5 0 :i0flj&ftK£ttttilsl 

t<Dmm*m^xv^y>v *?M»9Mm&Tm3k»<D 

[0 0 0 5] 

[0 0 0 6] *^^fi, Ji|E©BB««:iW*U, 
«*»*ft*|]E«rft5 r >OT*#5AFClElPS^»^-r 
[0 0 0 7] 

[0 0 0 8] (1) ^ty7tf2 n #a<D^rty7^ 
^D^hif^*) ^^fc^ty7t2 m (DOFDM (S 

5 p - ii Mb J: 9 ft£«H L T tt*»*w^<— ^ 
> KOFDMffi#{lS«i-sa[afa«l5lBi:, ^ co[a]^ 
-?»o*lfc«*JBa^-<— KOF DMBWo# 

BiiiS^T 5 - ^ m^-zmm-t sofd mshihib ^ 



-3- 



5 

^<D^^m^m^MLxiE(Dm&Wi^^nm^-^ 

E-<— ^✓O' KOFDM^f -?-lc*3Jt5#JftaiiBt^^jR3S 

huE^-*'^ KOFDM«#*c*5Jt 
ftmPK*S{R& Lfc»^w«*»fi»*S: »mi-5«JHll 

Jk»«J-J6 CTmrE^ n y * »»38«lHlfc<D»»B8Sfc 

^siE-rs^n s/^«*ifijE^at, BtfiaamiHiB-ejit 

[0 0 0 9] (2) ^t!i7#f 2 n #|£D^rtyr^ 

r^tbttfc^^ff^cD^-^/^ KOFDMjf-^-^b# 
*^ft<^^— ^{t-^^fl-rSOFDM^WlHlKt 
itOFDMSIfglicfflv^fk -rH-rTutrjfSi^^D^ 
SIU tclij o TfM £ *u fflE»:£*IllsIBT» b MzM. 

Asfit, &m&i$L<D*<bffltemz#Lxnttmz&(Dffl 
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Xf&7 4Ji'fi<D&ltijj\z^\,*X t°-^$r^ttJLT, 

if *x <7>Ji &9ujtft<o n H tr- * «* £ a * 1" £ t: c 

A0j^^^^^tBPt: 0 -^>(f-^^«^-r5r tX\ ffi 
|e-<— KOFDMjf^-tC*5tt^#*g^J6^> , t , ^Jl 

* n y ^«**«®K^»tRH«*S:«iEi- 6 * * y * 
[ooio] (3) ^yrtt2 n #i^t!JT^ 

R*P^«BJt?*W*ixfe^^ o y y T (EAT, 

^oyKlf) ^^f:^^7S2 m ^OFDM (IE 
£Jf2ft»##l#fi) (^TOFDMjf 

^ KOFDMtt-s-^aeift-rsitssapiHiKi:, 

-c# f> nfc**?e*^^<- ^kofd M«»a» <b ^& 

IRaitt^-^W^Srail^SOFDMtKWIelBtSrii 
^OFDM^fi^ei-flH^;}^ -rH-r^HfjEffi^^ 

X\ eMiot^SSt^ltffi^l-IoJISS 

-74>^7 b%:$a?LZ>y 4 ^Z^Wtk, witd3E7 4 & ? Ik 
;v?<r>&\&f)\z^X ^Srtftaur, fiSS 

m*nSH«««»*^e>WEo-*/u«*(7>H«WR 
^^1t^L, w^HjSjWRJI^JSC-CWlEn"-*/^'* 

[0 0 11] (4) ±E (1) - (3) ov^-ftL^O* 
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7 >r vu* (t^H^nmflS^ y [eISSIc^^ £ titer — ? 
Ml- J: SS^iA^iUJj |c J: o T *BBB«*«r* «> 5^ <t £ 

[0012] (5) ±IS (1) ~ (3) ^V^^O« 
[0013] 

[0 0 14] *^W-Ctt, S« UcOF DMjf^ t Siit 

£#tfc£*L*:S P (Scattered Pilot) jjttmtt £ ti 

IBMfeffi#>^T^t£Vol.52. No. 11, pp. 1658-1665 
(1998) rjfeJLr^ S^/uJfeSl;i;J3tt6 0 FDM«>^ 

[0015] **WJC*5^5 S POflJffl;tf£:(CO^T, 
El4«r#fiB,L-CKM-rSo H4fc*3^T, (a) I±=fr* 
yrMSr^U (b) (j:S{|OFDMff^Sf!r/T 
U (c) fJ^ByHJfjtjffi^U (d) ligft 
O F DMff ^t'<<<( a y 0«BB«#*^1"o 

[0016] -fftfr^ HI4 (a) (D&o^ s })T 

/:^t!)7t2 m (OOFDMlf^^t s 
tfOu^co^ d y MB** 2 » £ H [W] Ufs-^ 

[0017] Lf:^ot t n y Ml -^Sr^r-* 
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mm<nmi&mmmz£<>xmkLtz{iLm&z^ir^ fits 
ttWKB-cfc*. 

[ooi8] co*a-e*tjE'e*s«ttttK»!i, g# 
i y Tmmsx±<Dmt$iWtWkm$:tfitti-rz> 

[0019] J^T, H 1 7^1D 2 £r#BB Lt*|g^O|l 
ailHlB (18) <o«#lcov^R^t5 e 

[0020] iift ms^TjkLtzAF c^m^^m 

^) ^ffl^f:^t ii 7i2^0FDMM^t^) 0 

[0021] ui jc*5v^-c. w.&mm\mm (1 5) 

^1S*^^:iCj:60FDMjf^-(iiE^^^^(El^l 8 1 
&U t ft7-r;u^|sIKl 8 2^tt»$n5„ iE^^/u^lEl 
SSl S 1 ttjE* 5/^S>*y 1 8 3{C^Sr>t&j^^ttfc 

30 tz. A7>f^@B 18 2|j:A^ jx^ffR^^ey 1 8 4 
[0 0 2 2] lit', iE^ y^««[>^y 1 8 3ic»tt 

[0 0 2 3] ±I2^7-f 8 iRXf^y 4 Jl>9 

0^18 2(3:, Mcfcttjizitm 2 (a) i:^tJ:5 4FI 

TX/lO F DMif -^^rig^^^-D 1 -D n (UT' t 'in = 
5) T-i ^v^/u-f oiSMU *J5ffia**r*iX'?ii* 
MM1-Mnt'i2 (b) tC^-r#,R^^-y (#J;t:f 
ROM) 1 8 3^t,'j:l 8 4fi>b<Dm&^4 b y hff^ 

50 tOFDMfi^tl*^ b y hjf-^^^te^ff^-^tt 
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[0 0 2 4] £k±<DZbfrb. ]E7>f yu^IalKl 8 1 
8 1, 1 8 2^tU^fi-e^-?tlt: 0 -^^tHlH]^l 8 5, 

i8 6i:i^o rnbofc°-^^ailH]SSi 8 5, i 

5,18 6WUa*tt, *ft-ehJ»*EIttl 8 
[Dig 18 8 tcii^^5 0 
[0 0 2 5] *D*HIK1 8 7 Ji, jE^-f^HIfcl 8 1 

8 1 <Wtit}k'0i7 4 ^P&lffi 1 8 2<7)fcti;fi£:£:$cWi~5 

[0 0 2 6 ] 1 8 7 CDtH^Hi, n-^/VlSS 

KftXftHIftl 89(:i:D p — tf/MS-S^JBStWRISfc 
tBSi-SW]««#^«*SttTo-*^«-9-»«lHlBl 

filtd, 8 somite, * o y^JIISSRIMtaS 

*mfti 8 1 ot^^^y ^^oy^©«awi 

[0 0 2 7] SfctC*#:»ft«lfi!c^oV^ttM"r5. 
[0 0 2 8] £i\ IE7^/^^[hI^1 8 1 K#^>f 
p^y h^0 5*>e*»W^*^S»t-^LTt@^W 

£:7>f/i^lHl&l 8 2 ft, i*^>foy Mf 
(7)7^^0^18 1, 1 8 2^fcm*StbS*0BB«* 

^a^i t^t c -^^m[Hi^i 8 i8 6H 

[0 0 2 9] IE^^/^^IhI^I 8 1 fciiiALfcIE^iE 
«^^fSit-^fifC r ££:7-f 8 2£r 

iiijiUfcA^jS^fc^^^^^t^^if^-c i An* 
l 8 7 [cX VHnn^ti. *yw«R»»J6**iHl 
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70 

^iliiilLyciE(7)Jlfeic^0^rJfc: c -^«^C r ^ft7 

*«*C i t*> «*IilBi 8 8lz£*)mW£ti, 
^«**»ftSE*lHl»l 8 l OtcA^SftSo 
[0 0 3 0] D-*/UjHSe«*ftaEl)UHl»l 8 9 t ^ n 
y^ffljSISBII^lfelHlKl 8 10H 1t*«#*:**ffi 

y 77 u>-^^ffl^ = ofi-efe£o 

70 [0 0 3 1 ] *^H««»liaE«HElttl 8 9<75ffl* 

tt, WiBNCO (ftttftJEXfigg) T'MttP-^ 
;M§#3St6[El& 1 6 m^J^^o wtil-ioT, Sit 
LfcOFDMjf^^-V ]) TWi^.Wit^\W&m.^(D^ — 

ns. M^P7^iS«MWi8io^ 
^^y ^^««»k«>»si«:*tjE-r5ffi*Braffl/w- 

[0 0 3 2] ±|B«rtl-J:S*Qia»fP^oV>T, U4^r 
[0 0 3 3] OFDMif^iI«^S^2 m *^t 
ItSfc, 1^2 n fcft5 0 '*-f a y Mf-51- 

£ it 2 n i ^cDfij-&-e^E^io#^co^i^^jfe-r £ 

2 n+1 ^ 2 n + 2 , 2 m_n cO^^\ 11 

4 (b) t^^t J: 9 1 f av'V^^fflrflf-^M b 

H4 (c) fc^i-J: 9 ic, 

^p^^^?smm^^^r4t: o -^«^^i«iE-e^ 

#if8-l 0 2 7 7 *3«i:l>'#^ 
^9- 3 2 1 7 3 S^ffi^^^TV^il^-efeSo 

[0 0 3 4] s*4*y h<f -f-^tS^&^O F DMjf -^-<D 

O F DMlf f 2 m ^ i: t ^) h ^MP 

■ • y hit #©»«»«»S:«FofcfS-»tt, l&ifri/^yf^ 

50 4 (d) l*3a^V^«Ki-2 n lE]ta 
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[0 0 3 5] Lfc^oT, ±ffi*l»K J: 
ttilSKl 8 4rfflv^TAFClHlKSr«jati-tttf, i£ff£lM 

Wlc2 n leIgm^5r<t;&ST*#5<7>T% J^i&l£<7>-f n*: 
[0 0 3 6] /^oy Mg*3&sse>fclB5l)5»ix, 2 

mi: (2") -efc£7fr>ib, ^Sfcmn^ffiiHiss 1 s^y 

f ^^^i/f^g y)tts©f ssarn 12 (=2 
2 x3) **VTizimx-hz>i)K ft/j^ffi 
2 2 =4lHlco1lBB«!fS**ii-tf J;t^o 
[0 0 3 7] tt^Sluii^-K-f^^-^u 
)B IB t ^ #^JH B t o ft » I- J: o r H i£f&glM £ 

[0 0 3 8] 

IT 1 y TIHHI1K±**«>T J: 9JK«SH* 

^iK^HMiE^fi 1 5 r t e>X$ £ af CIsIK«:««i- 
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[13] ^1tRi^±^^^^^^cog^^{-io:-t 

517 ^rt^v p y mi ^is^j^-tm 
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im 5 ] *&wi>mm ztiz a f cih]ss<ds*w^« 
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DB:XfflS8LTffl3gJg*<7>-<--^^v KOFD 

ss^stco^-x^^ KOFDMfs^fe^aaijs^ 

-^ffi*€rtt[Hi-SOFDMfflIilHlKi:S:«^^:OFD 
PlH3KT*#btbfcS^^;cD^<— J^^V KOFDMff-^ 

#»fCiEOJ5l»ft*r*-rS^>r n y hit <Z>tBBS« 
Ttt»W»cA(0«tt*Sr*i-5^>f p y Mf #fc 

mm *«#*raniM-a z t x\ bue^-^o ko 

FDM«#^fe»t5#lftiS*oj«**|BIH3fts»b*i'e 
tSBif— ^fs-^-SrKK-t'Sr t"C, fuf£-<-^0 KO 

ffjfe n -%Mm #*SllHl»«>»liHiKfcS:*|jE-r 5 p - 
JA'S-g-ffijE^a £ ^Aii-ro - £ £4$tt if 6AFC 
IbIBS. 

mx'&mztiifH oyF^r/ out. ^ p ^ h 

##J^fi) #5ta>a:WB-j§- (WTOFDMlff) Srgfa 

v?m^mm®mx&^£rizv>y p v p 
* * «t fr ; *f i> * ^mmm-E-^'^^'t z> t -r p ^/ 

^ffitff-^^p-^/Mf^MlHlKT^^SixSp-^^ 



ft »ic j: 9 m&mm Lxmrnm^v^-xso kofd 

^m^^<D^<— *s<> K0FDMfS*)&»b#&i£iKO7*' 
#£«Wi-£0 F DMVMEMb M^fcO F D 

Mt&m*ftoh<Dx\ eauffto+^jBttftjcwLTW 

#W(cjE(Ojgi8»£Wi-S^>f p s> MM-* <OfBH(* # 
itu te IE 7 ^ / u * & £ :7 ^ / u ^ co # as ^ i c o v > x fc° — ^ 

r^tf-^tftffl^a-rwbttsjEai^ftowftsjs^ 

ttlBtr-^«-»*:«»i-5ri:T?, buIS^ — ^s<is KO 
FDM«^(c^{t5^ig&o^^K^:^^-fr-r# 

^AFC0?& o 

ay-caEwsixfc^ o^^t'ir out, p ;y k 

ff-5§0 ^l^^rtyrf 2 m (7)OFDM (E35l^iK!ft 
5>fJ^fi) (WTO F DMlff) ^rSif 

•^--iHlSSi:, w(Ol5]BT*#bnfcr^p^*Pfljl^f# 

p y?m^Mm&xm±£tiz>*)-^y'y p 

ff^tcj: OffiXtSWLrajR^^^-^x^^ KOFD- 

1SIB^*<^-^— v KO F r>Mm-%-frt>&V3L3k&<D7 £ 
-^«f«:aitSOF DMmi^lH]^ t £<I PC/HO F D 

^:ix-pjxittEis*i<o»flij{cflijor*ritstL, mm&m 
mm&x®btiti&mj&j£<D'<—x'<> ko f dms* 

Psi^S^rfirp tot, fiSi«©t*»«B::»Lt« 
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tiHt: 0 — #{g jUMM-f* w fltflE^— KO 

r <Dfln^ is xw tt! $ ix 5 m &mm&Mi frb m IS n - # 

y 4 ^9 ^n^ttstria^ ^ y (hi& tcfttt s tifcf- * 
* 2, 3 ov>-f ixa4B«0>AF cm 

ri* l*ab^^7RyPffllB-e2 n XR^r-v U Tiding 
mt-tZ>m#t%l . 2, 3 0V^tb^lE*^AFClHl 
[¥^*i!E2] 

W»» 

[*KE#*«B«] 0 0 0 8 

[0008] ( i ) 2 " ^ci^si^-c^ t y TJ&SgE 

*P<^»aiJ-C*IIS$^^-f p v h*-* V T (J£TF> 
PyhtS*) ^fflV^^rtyrt2 m C0OFDM (iffSf 
^a^SMMB* (^TOFDMlf^-) 

ttfi #£r^ p y ^^llI&T^^^l^ry ^ 

oFDM{f^-^c^m•r ; 5^i:^^^Hl^^^ ronitt-ew 

bfrfclgigff^^^*-*'^ KO F DMff -5§-a>k#*fta£ 
S«7)X — ^jf-^^^fii-^OFDM^lHlS&t 

5£(7)-<— KO F DMlf ^Kio^T^&«#£*Lfc 



p y HS#i(OfflBB(B#S:ttJ*"fSjE7>f yu^ 
-x/^ KOFDM^f^t-^JtS«-«aiiKcoHiK»WSi 

«SS(otMSS^abtf#^t y rw^wKfsra 

[«M1E3] 

H*jE«-**B*1 0 0 0 9 

[0 0 0 9] (2) 2" ^{Cl^^a^-C ^-Y y T^ISE 

P^hif-^-) SrfflV^^r-^ y r-t2 ffi (7)OFDM (fi^ 
H«m»fJ#S) **OSPfl* (^TOFDM^f-^-) 

-#/Mf ^) [ISIlLTSif ^-<-^/<y K 
OFDM«#^**i-5*3S««lHlB4:, :^@ST'H 
bttfc^Sig??^^^— ^/^ KOFDMiIt^b#iS 
jROx — *\n ^Z'lgMlrZO F DMm^lU^ ^ *mx-tz- 
OFDM^if^MiCfflV^bn, ^tt^tlSuiaK^P^^iy 

^<D^—^y<> KOFDMiffi:ov^tT^lf^i'L/; 
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«*»i*#^«h^— - tx\ mm-< 

[#MfjE4] 

[«iE»ft»is*] mmm 

[«jE«-*«§*] 0 0 10 
[ttjEA«] 

[0 0 10] (3) 2 " mc l^Ogij^T- ^r-V !J T^gE 

^«»»#I#fi) *S;o3EHfS# (mTOFDMff-^-) 



[SttJB] ¥f&l 2^2^ 1 8 0 (2 0 0 0. 2. 1 
8) 

HftjEtt*3SS£] 0 0 3 3 

[0 0 3 3] OFDMjf-^0±ag^^Sr^2 m ^^-r 

l -2 m fc*5 0 ^Vp^ h«# 



OFDM<f^lC^&^£i££tgME]8&<t , w<OlsI»-e» 

ss co ^ ft ^ irisi- 5 o f d Mmm m s§ t % m tz 

OFDM$IIM!:fflv^^ *tt*ix«H2R*io«HiJ 
i-IiJoT«fi£$n, WIBitAaniiaK-citbix^:*** 
5£co-<— KOFDMft-^-^o^TT-^^^^n/c 

tempts ztov—ffcm^mx'&btizjE&xfi&o) 

KOFDM«*^feitS#»as«^«iKa:IBI« 



* 5 2 " , 2 n X 2 s 2 n X 3 % — CO i: # . 0 4 ( b ) \Z 
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